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Disclaimers & Full Disclosure

A. | am employed by Los Alamos National
Laboratory-
Material Science Division: Extreme Scattering Team
A. | support pulsed neutron material science beamlines
B. | develop and deploy novel in-situ sample conditions
C. | develop in-situ techniques at national light sources
B. |seek to better understand the limitations of
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Agenda

« Motivation and Background:

— What is the “Pulsed Neutron Scattering Technique”

- Relevance to Physical Metallurgy, Why we care, and why it's used
« Uncertainty Analysis: Peak analysis

— Data and Peak fitting

— Stochastic uncertainty vs Systematic error sources

How do we Actually take non-destructive measures of d-spacing of bulk materials?
-What is our “confidence” in our measurement
Note: Neutrons are the ONLY source for true bulk measurements
Photon penetration depth: ~Z1/3 {Of order mm for Actinide elements
Electron probe depth: 275 pm
Proton scattering not used because it transmutates the nucleus
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First: What are we talking about-> Bragg’s Law
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Second: With what? -> Neutrons

-Use the dual nature of matter: waves AND particles

E h h v2
c  ymyv myv c

Wikipedia image

Detector “Bank 1”

Debye-Scherrer Cone-1

But how do you really do it? —l -

-Samples are polycrystalline, bulk measurements

-Fix scattering vector-Q,&Q,
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But you said Pulsed Neutrons...

-Neutrons are produced from a particle physics reaction:

bt + 15w = A+ B+ Yy + ) fn ()
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Image by J. Hoyt

Each Proton striking Tungsten spalls ~25 neutrons that emit over a

-Because these particles have Mass they travel at speeds LESS than light (borderline relativistic)
-Thus High energy neutrons travel faster than lower energy neutrons
-Wavelength is directly proportional to Energy
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Why do we care? This isn’t instrument Physics design

Because we study engineering material, polycrystalline, how does d-spacing change due to:
— Coefficient of Thermal Expansion
— Activated Slip systems under “Conditions” (Ves, I'm glossing over things)
— Mobility & diffusion mechanisms

. . : di—d .
Residual Stress: The unrealized deformation of the metal ¢; = ‘d—" measured as strain
0
E

= Stress from Hook’s law o; = ) ((1 —v)g tv(g + ek))

| Raw Data displayed from “Area” Detectors
. -Banks 1 & 2
I -"Area” Detectors are actually 192 He-3 tube
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We are looking at the Debeye-Scherrer Cones
. over TIME (that equal wavelength) as it
continually satisfies the Brag diffraction for
. those Energies/wavelengths
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How do we quantify and apply uncertainty

« CaF2 is our d-spacing calibration sample
— Cubic: a=3.9A space group Fm3m
 We now assign and calibrate Each Tube to the known d-spacing
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Appling uncertainty statistics

82181 _B001_1

0.35 . . . . .
* Letsstart by assuming a normalized Gaussian Distribution* R
(x X)?
c flo) = p[ 3 ] 03 |—t 10 hours: g, = 0.0074
* Measure for dlfferent Iengths of time —
* Calculate FWHM [Full Width at Half Maximum] 0.25 ’
« FWHM = 2+/2In20, 02l 7.33 hours: g, = 0.0127
* Calculate Standard Error [estimate] '
o g.=2 %
%= m & 0.15 - ]
4.33h 10, = 0.0146
For well behaved peaks (or intense) this shows expected 0.1 ours: ox i
intensity growth and FWHM growth
0.05
Where does this come from?
0 sz A rl

18 18 19 195 2 205 21

Notice the background ac(i:ross all energies increase

"Q Los Alamos

NATIONAL LABORATORY

*Peaks not strictly Gaussian: used to facilitate the approximation of error



Finally: Where does the Uncertainty and Error come from?

nA = 2d sin @ Detector “Bank 1
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Peak Width is NOT strictly uncertainty and error
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Error: Sample alignment
Error: Detector Bank Debye-Scherrer Cone-2
Uncertainty: Neutron Energy i
Uncertainty: Inelastic Scattering Detector “Bank 2"
Uncertainty: Secondary Sample Scattering

Uncertainty: Air scatter
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Conclusions and acknowledgments

Neutron scattering (diffraction) is still a relevant choice in Metallurgy toolbox
Uncertainties still less than most stated lattice parameters

Unrealized strain (and therefore stress) can be mapped over the ‘part’
geometry

Assisted by Bjorn Clausen, Sven Vogel, Alexander Long
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